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(54) Artificial heart 

(57) An artificial lieart has a driving section (105) 
and a pump section (104), and a sealing section (132) 
forming a seal for a driving shaft extending from the 
driving section (105) for driving the pump section (104). 
A sealing liquid chamber (137) filled with a sealing liquid 
is formed around the driving shaft (130) between the 
sealing mechanism (132) and the driving section (105). 
The sealing liquid in the sealing liquid chamber (137) 
maintains the sealing mechanism (132) in a liquid-tight 
state and lubricates the sealing mechanism (132), 
whereby blood is prevented from entering the driving 
section (105). The sealing mechanism contains a 
mechanical seal (132), which is provided with a seat 
ring (133). a follow ring (134) and devices (145, 146) for 
pressing the follow ring against the seat ring. 
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Description 

This invention relates to an artificial organ, for 
example an auxiliary artrfidal heart of an embedded 
type, embedded in the left or right ventricle of the heart 
in a human body, and operated at high reliability by pre- 
venting body fluids such as blood from adversely enter- 
ing the artificial heart. 

Conventional artificial hearts are of a diaphragm 
type, of a sack type, of an axially symmetric type, of a 
centrifugal type, of a pusher plate type or the like. Each 
of these conventional artificial hearts delivers blood in 
place of a human heart or by bypassing it. 

Recently, there has been developed an auxiliary 
artificial heart which is embedded in a ventricle of a 
human heart and has the tip end of a nozzle passing 
through an aorta valve or the like such that blood is 
delivered from the "ventricle into an aorta through the 
nozzle. The artrficial heart has such a structure that it 
does not suppress any function of the human heart 
when it is provided in the human heart and It delivers 
additional blood into the aorta when blood pumped out 
from the human heart due to its beats is insufficient. The 
blood is delivered not only by the artificial heart but also 
by the pulsing human heart due to its beats. Even If the 
operation of the artificial heart happens to stop, blood is 
delivered by the human heart due to its beats. 

Naturally, the volume of the part of the artificial 
heart which is inserted in a ventricle of the human heart 
must be smaller than the volume of the human heart 
when It is contracted most. Such an artificial heart has a 
pump body comprising a cylindrical axial-flow pump 
section, a nozzle section provided on its distal end and 
a driving section provided on the proximal end of the 
axial-flow pump section. The cardiac apex of a ventricle 
of a human heart is cut and a short cylindrical cardiac 
apex ring is embedded therein. The pump section and 
the nozzle section are inserted in the ventricle through 
the cardiac apex ring, and the distal end of the nozzle 
section is Inserted in an aorta through Its aorta valve or 
the like. The driving section which has a large volume is 
embedded in a portion of the thorax which is outside of 
the human heart. 

The artificial heart has the following problem in con- 
nection with the function of a shaft-sealing mechanism 
provided between the pump section and the driving sec- 
tion. With artificial heart, a motor and other elements 
are housed In the driving section, and the rotor of the 
pump section is driven via driving shaft extending from 
the driving section to the pump section. Blood applied 
with a blood pressure flows through the pump section. 
In this state, blood is not allowed to enter the space In 
the driving section. If blood enters the space defined In 
the driving section, coagulation of blood occurs and the 
operation of the motor stops. 

It is necessary to provide, between the driving sec- 
tion and the pump section, a sealing mechanism for 
sealing the driving shaft In liquid tight state in order to 
prevent blood from entering the Interior of the driving 



section. Since, however, the artificial heart is embedded 
in a human body, the artificial heart must be operated 
for a long time without maintenance. It Is not easy with 
the present technology to provide a shaft-sealing mech- 
5 anism with which perfect sealing is maintained for a long 
time. 

In order to dissolve the above identified problems, 
the Inventors of the present invention have developed 
an artificial heart provided with an improved sealing 

w mechanism for the driving shaft thereof. EPC Patent 
Application No. 94105896.8 filed on April 15. 1994 by 
the applicant of the present patent application discloses 
such an artificial heart. An artificial heart disclosed in 
the above patent application is designed to be Inserted 

15 in a ventricle of a human heart, including a cylindrical 
cardiac apex ring embedded In the cardiac apex of the 
human heart by cutting the cardiac apex, and a main 
body of the artificial heart comprising a cylindrical axial- 
flow pump section inserted in the ventricle of the human 

20 heart through the cardiac apex ring, a nozzle section 
extending outward from the distal end of the pump sec- 
tion through the aorta valve of the human heart and a 
driving section provided on the proximal end of the 
pump section and disposed outside (or externally) of the 

25 human heart, for driving the pump section through a 
driving shaft. 

Between the driving section and the pump section 
is provided a sealing mechanism for maintaining the 
driving shaft in a liquid tight state so as to prevent blood 

30 from entering the interior of the driving section from the 
pump section. The sealing mechanism defines a seal- 
ing liquid chamber surrounding the driving shaft at the 
driving section and a sealing liquid is filled in the sealing 
liquid chamber. 

35 The sealing liquid includes a physiological sodium 
chloride solution or an anticoagulant such as heparin, 
and the sealing liquid chamber communicates with a 
sealing liquid bag made of flexible material, filled with 
the sealing liquid and embedded in the human body. 

40 The sealing mechanism is provided with an oil seal 
made of elastic material, closely fitted on the outer 
peripheral surface of the driving shaft due to its elastic 
deformation and forming a lubricating film of the sealing 
liquid between the peripheral surface of the driving shaft 

45 and the oil seal. 

The pump section Is driven by a motor or the like 
driving unit housed in the driving section. The pump 
section sucks blood from a ventricle of a human heart 
and discharges It into an aorta from the nozzle section 

50 of the distal end of the pump section by bypassing the 
aorta valve or the like. Thus, blood is delivered to the 
aorta not only by the beats of the human heart but also 
by means of the artificial heart. The artificial heart sup- 
plements insufficient amount of blood which Is not pro- 

55 vided by the human heart, whereby it is ensured that the 
necessary amount of blood can be delivered. The vol- 
ume of the pump section is smaller than the volume of 
the ventricle of the human heart when it contract most 
so as not to prevent natural beats of the hunian heart. 




EPO 



The sealing mechanism prevents blood from enter- 
ing the driving section from the pump section. In this 
case, the sealing mechanism defines a sealing liquid 
chamber at the driving section, and a sealing liquid such 
as a physiological sodium chloride solution is filled in 
the sealing liquid chamber. Sealing and lubrication of 
the sealing mechanism are ensured by the sealing liq- 
uid, and blood is securely prevented from entering the 
interior of the driving section from the sealing mecha- 
nism. 

Even if the sealing mechanism is deteriorated and 
blood enters the mechanism, the blood which has 
entered the mechanism is mixed with the sealing liquid. 
Thus, blood is not coagulated and does not prevent the 
smooth operation of the artificial heart. 

The sealing mechanism is provided with an oil seal 
which forms a lubricant film of the dealing liquid 
between the oil seal and the outer peripheral surface of 
the driving shaft and is elastically closely fitted on the 
outer peripheral surface of the driving shaft for securely 
preventing the entrance of blood such that the oil seal is 
not worn and has high durability. The oil seal can be 
designed such that the lubricant film formed between 
the oil seal and the outer peripheral surface of the driv- 
ing shaft delivers blood in only one direction toward the 
pump section. This structure ensures the prevent in of 
blood from entering the interior of the driving section. 

The sealing liquid chamber communicates with the 
sealing liquid bag embedded in the human thorax or the 
like. A seating liquid is supplemented from the sealing 
liquid bag and thus can be supplied to the sealing liquid 
chamber for a long time. 

The driving shaft uses a dynamic pressure bearing 
made of ceramic material operated in the sealing liquid. 
A coating film is formed between the sliding surfaces 
due to the dynamic pressure of the sealing liquid, 
thereby reducing rotational resistance of the bearing 
and preventing its wear, leading to high reliability. 

When the driving shaft is rotated, the dynamic pres- 
sure bearing generates dynamic pressure. The dynamic 
pressure provided a liquid seal between the sealing liq- 
uid chamber and the driving section. The sealing liquid 
is thereby prevented from flowing from the sealing liquid 
chamber into the driving section. 

The dynamic pressure bearing, which is mounted 
on the distal end portion of the driving shaft, supplied 
the sealing liquid to the oil seal. Hence, the sealing liq- 
uid circulates in the artificial heart, preventing foreign 
body from depositing. 

On the other hand, the above described sealing 
mechanism of artificial heart has room for improvement 
in order to relieve the burden on the part of the patient 
who carries such an artificial heart. More specifically, 
since the artificial heart is embedded in the patient's 
proper heart and remains there for use, the patient's 
chest has to be opened and the artificial heart has to be 
taken out for servicing or replacement, imposing a large 
burden to the patient. Thus, an artificial heart is required 
to operate reliably for a very long period of time without 




>8 091 A1 4 

servicing. 

While the above described sealing mechanism 
comprising an oil seal operates satisfactorily in terms of 
the sealing effect, it remains to be improved particularly 

5 in the following aspects. 

Firstly the durability of the material used in the 
sealing mechanism. The oil seal is typically made of an 
elastic material such as synthetic rubber. Of course, 
there are a number of elastic materials having a suffi- 

w cient durability. However, as for synthetic rubber, the 
period guaranteed for the initial physical properties of 
synthetic rubber is normally specified by the supplier for 
each product, starting form the cure date of the product. 
This means that the artificial heart comprising an oil 

75 seal of the above described type for its sealing mecha- 
nism and embedded in a patient has to be taken out of 
the patient by cutting his or her chest before the guaran- 
teed period expires. Thus, a material having such a lim- 
ited guaranteed period may preferably not be used for v 

20 the sealing mechanism of an artificial heart. 

Secondly, the period until the next supply of sealing 
liquid to an embedded artificial heart should be made as 
long as possible. The patient has to visit the hospital 
and see the doctor who carries out the operation of sup- 

25 plying sealing liquid in order to prevent any possible 
contamination by microbes of the sealing liquid con- 
tained in the bag of the patient. Such a visit on the part 
of the patient would be particularly burdensome ,when 
the sealing liquid bag is embedded in the patient.yThus, 

30 the period until the next supply of sealing liquid should 
be made as long as possible, although this period can 
be prolonged by reducing the consumption rate of seal- 
ing liquid by the patient. 

If an oil seal is used as described above, the con- 

35 sumption rate of sealing liquid can rise after a long use. 
A thin film of sealing liquid is normally formed between 
the oil seal and the sealing surface of the driving shaft to 
maintain its lubricating and sealing effect. However, 
some protein in the blood can permeate into the thin film 

40 by diffusion and become coagulated by the heat gener- 
ated by the friction between the oil seal and the sealing 
surface. While the coagulated protein takes the form of 
granules and mostly driven out of the sealing mecha- 
nism with sealing liquid being supplied and eventually 

45 dispersed into the blood, part of the granules of coagu- 
lated protein can adhere to the surface of the oil seal. 
Now, since the lip section of the oil seal is apt to be 
enlarged by small force, granules of coagulated protein 
can easily be deposited there to broaden the gap 

50 between the oil seal and the sealing surface of the driv- 
ing shaft and consequently raise the flow rate of sealing 
liquid running through the gap. The net result will be that 
the time up to the next supply of sealing liquid is cur- 
tailed to put more burden on the patient. 

55 Thirdly, the reliability of the sealing mechanism has 
to be improved. An artificial heart of the type under con- 
sideration and particularly the operation of the sealing 
mechanism can be examined only indirectly by check- 
ing the consumed volume and the level of contamina- 
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tion of the sealing liquid. If it is found that too much 
sealing liquid has been consumed unexpectedly and/or 
the sealing liquid has been contaminated, if to a small 
extent, replacement of the artificial heart may have to be 
considered for the sake of safety. This by turn will 
increase the burden on the part of the patient. 

In view of the above circumstances. It Is therefore a 
first object of the present invention to provide an artifi- 
cial heart comprising a sealing mechanism made of a 
material having a practically endless service life to 
make the artificial heart free from maintenance for a 
prolonged period of time. A second object of the inven- 
tion is to provide an artificial heart comprising a sealing 
mechanism that Is protected against degradation of its 
sealing performance due to a deposit of coagulated pro- 
tein. A third object of the invention is to provide an artifi- 
cial heart having an improved reliability 

According to the present Invention, the above 
objects and other object of the Invention are achieved by 
providing an artificial heart comprising a sealing mech- 
anism for the driving shaft of the artificial heart that 
includes a mechanical seal. The mechanical seal 
Includes a fixed side seal ring and a rotary side follow 
ring with the ends of the seat ring and follow ring In 
close contact with each other so as to rotate freely and 
also contains a pressing mechanism for pressing the 
follow ring against a seat ring at a specific pressure. 

An artificial heart according to the invention also 
comprises a sealing liquid chamber surrounding the 
driving shaft and arranged between the mechanical 
sealing and the driving section, the sealing liquid cham- 
ber being filled with a sealing liquid. An artificial heart 
according to the invention additionally comprises pump 
means for feeding the sealing liquid from the sealing liq- 
uid chamber to the mechanical seal. 

An artificial heart according to the invention and 
having the above described configuration does not com- 
prise an oil seal and other components made of syn- 
thetic rubber in the sealing mechanism that limits the 
service life of the artificial heart so that the artificial 
heart is practically free from maintenance for a pro- 
longed period of time. 

In the mechanical seal, the ends of the seat ring 
and follow ring in close contact with each other so as to 
rotate freely and provide sealing surfaces. Thus, a thin 
film of sealing liquid Is formed between the sealing sur- 
faces to produce a lubricating and sealing effect. With 
this arrangement, any foreign objects that may exist 
between the sealing surfaces are subjected to centrifu- 
gal force as the follow ring rotates. In other words. If pro- 
tein and other substances permeate into the gap 
between the sealing surfaces and become coagulated 
to give rise to granules thereof, they are driven out from 
the mechanical seal and dispersed into the blood run- 
ning through the heart by the generated centrifugal 
force. Since the granules of coagulated protein has a 
very small diameter and at the same time are very small 
in quantity, they would not adversely affect the host If 
they are dispersed into the blood. 



Of the above mechanical seal, the sliding surfaces 
of the seat ring and the follow ring are polished and held 
In close contact with each other and the follow ring Is 
pressed against the seat ring under high pressure to 

5 preclude any possibility of adhesion of coagulated pro- 
tein granules to the sliding surfaces and, therefore, the 
gap, if any, between the sliding surfaces would not be 
broadened by adhering coagulated protein granules. 
Thus, the consumption rate of sealing liquid would not 

JO rise with time and the period between any two succes- 
sive supplies of sealing liquid would not be shortened to 
increase the burden on the part of the patient. 

Additionally, since the sealing mechanism of an 
artificial heart according to the invention essentially 

15 does not contain any synthetic rubber to improve Its reli- 
ability in terms of abrasion and wear so that the artificial 
heart can enjoy a practically endless service life to the 
patient's benefit. 

In a preferred embodiment of the invention, the drlv- 

20 ing shaft, the bearing tube of the driving shaft, the seat 
ring and other related components are made of a 
ceramic material, which is stable both chemically and 
dimensional ly and highly resistant against abrasion. 
This makes the artificial heart even more reliable and 

25 prolongs its service life. 

In another preferred embodiment of the invention, 
the driving shaft and the bearing section are Integrally 
formed and the bearing section is slidably engaged with 
the inner peripheral surface of the bearing tube to sup- 

30 port the driving shaft. A dynamic pressure generating 
groove if formed on the outer peripheral surface of the 
bearing section so that sealing liquid Is introduced into 
the gap between the outer peripheral surface of the 
bearing section and the inner peripheral surface of the 

35 bearing tube to ensure lubrication therebetween. The 
dynamic pressure generating groove is asymmetrical 
relative to the axial direction of the driving shaft so that 
it operates as a pump for feeding sealing liquid axlally 
up to the mechanical seal at a very low rate. Thus, the 

40 entire configuration of the artificial heart is very simple 
arxl hence very reliable. 

This invention can be more fully understood from 
the following detailed desaiption when taken In con- 
junction with the accompanying drawings, in which: 

45 

FIG. 1 Is a cross-sectional view of an artificial heart 

of a first embodiment of this invention, provided in 

the left ventricle of a human heart; 

FIG. 2 Is a longitudinal cross-sectional view of an 
50 artificial heart of the emlxadiment of FIG. 1 ; 

FIG. 3 is a longitudinal cross- sectional view of the 

bearing tube In the embodiment of FIG. 1 ; 

FIG. 4 Is a side view of the driving shaft of FIG. 1 ; 

FIG. 5 is a longitudinal cross-sectional view of an 
55 artificial heart of a second embodiment according 

to the present Invention; 

FIG. 6 is a longitudinal cross-sectlonat view of the 
mechanical sealing mechanism section of FIG. 5; 
FIG. 7 is a longitudinal cross-sectional view of ari 
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artificial heart of a third embodiment according to 
the present invention; and 

FIG. 8 is a longitudinal cross-sectional view of an 
artificial heart of a fourth embodiment according to 
the present invention. s 

The embodiments of this invention will be described 
with reference the accompanying drawings. 

A first embodiment of this invention is shown in 
FIGS. 1 to 4. FIG. 1 shows an artificial heart of this w 
invention in a state embedded in the left ventricle B of 
the heart A of a patient (hereinafter referred to as the 
"human heart"). A cardiac apex, a left atrium, a mitral 
valve, an aorta valve and an aorta are designated by C, 
D, E, F and G, respectively is 

The artificial heart 1 comprises a cardiac valve ring 
2 and the main body 3 of the artificial heart. The cardiac 
valve ring 2 is a short cyllrxirical member having a 
flange and is embedded in the human heart A through 
the cardiac apex C of the human heart A after the car- 20 
diac apex C has been cut. The main body 3 of the artifi- 
cial heart 1 comprises a pump section 104, a nozzle 
section 122 provided on the distal end of the pump sec- 
tion 104 and a driving section 105 provided on the prox- 
imal end of the pump section 104. The pump section 25 
104 and the nozzle section 122 are inserted in the left 
ventricle B through the cardiac apex ring 2. and the noz- 
zle section 122 is further inserted in the aorta G through 
the central portion of the aorta valve F. Liquid tightness 
is ensured between the cardiac apex ring 2 and the 30 
main body 3 by means of a ordinary sealing mecha- 
nism, for example, a sealing member 8. 

The pump section 104 is a relatively small cylindri- 
cal member and it has a smaller volume than the vol- 
ume of the left ventricle B when it contracts most so as 35 
not to prevent natural beats of the human heart A. In the 
pump section 104 is housed a small axial-flow pump 
which is driven by a motor provided in the driving sec- 
tion 105. The pump section 104 sucks blood from the 
left ventricle B at a suction port formed in the outer 40 
peripheral surface of the section 104 and discharges 
the blood form the distal end of the nozzle section 6 into 
the aorta G with the aorta valve F bypassed. 

The nozzle section 122 passing through the central 
portion of the aorta valve F is made of soft synthetic 45 
resin material such that it does not suppress the func- 
tion of the aorta valve F and it does not injure the aorta 
valve F. 

The driving section 105 is embedded in a portion of 
the thorax outside of the human heart A. In the driving so 
section 105 are provided a motor and other elements 
such as electric cells and electronic control elements if 
they are required. The driving section 5 is connected by 
means of electric wires 9 to a non-contact type elec- 
trode 10 embedded in a portion of the human body ss 
close to his skin H. A necessary electric power is sup- 
plied from an external electric source (not shown) to the 
driving section 5 through the electrode 10. 

In the driving section 105, a motor 106 is provided. 



The motor 106 is a canned motor where a rotor is 
housed in a casing filled with liquid. Numeral 107 indi- 
cate a stator coil and 1 08 a rotor. The spacing between 
the rotor 108 and the casing, or an air gap 109 is 
designed to allow a sealing liquid to circulate. 

In the driving section 105, a sealing liquid inlet 110 
and a sealing liquid outlet 1 1 1 are made. They are con- 
nected to a seal liquid bag 112 via flexible circulation 
tubes 114, 115, respectively Then, the sealing liquid cir- 
culates between the sealing liquid bag 112 and the 
inside of the artificial heart. In the sealing liquid bag 
112, there is provided a filter, which removes foreign 
matter mixed in the circulating sealing liquid. 

The pump section 104 contains a thin-wall, cylindri- 
cal tube section 1 20 and a casing section 121 formed at 
the tip portion of the tube section. In the casing section 
121 , a pump rotor composed of a rotor boss 123 and a 
plurality of rotor blades 124 provided on the boss so as 
to project from around the boss is housed. The pump 
rotor is rotated by the motor 1 06. Numeral 1 28 indicates 
a spinner that provides flow straightening. In the casing 
section 121 , there are also provided a plurality of stator 
vanes 1 25 and a plurality of front stator vanes also serv- 
ing as a stay for the casing section 121. 

On the base end side of the casing section 121 , a 
fluid inlet 127 is made, through which the blood in the 
left ventricle of the heart is sucked. The blood is dis- 
charged from the distal end of a nozzle section 122. The 
nozzle section 122 is inserted in the aorta-through the 
aorta valve of the heart. 

The number of the stator vanes 125. 126 and that of 
rotor blades 1 24 are set at values that do not contain the 
common factors or integral multiples of the common fac- 
tors, that is, at prime factors with respect to each other, 
which thereby prevents the resonance of pulsation of 
blood sent by rotation of the rotor blades 124. 

Explained next will be the driving shaft of the artifi- 
cial heart and its sealing mechanism in the present 
embodiment. In the figure, numeral 130 indicates a driv- 
ing shaft. The base end portion of the driving shaft 130 
is connected to the rotor 1 08 of the motor 1 06. The tip 
end portion of the shaft is connected integrally to the 
rotor boss 123 of the pump rotor, which is driven via the 
driving shaft 130. In the tube section 120 of the pump 
section 104, a cylindrical bearing tube 131 is housed. 
The driving shaft 130 is inserted in the bearing tube 
131. 

At the tip portion of the bearing tube 131, a 
mechanical sealing mechanism 132 acting as a sealing 
mechanism is provided. The mechanical sealing mech- 
anism 132 presents the blood in the left ventricle of the 
heart from entering the inside the artificial heart. 

The construction of the mechanical sealing mecha- 
nism 132 will be described with reference to FIGS. 2 to 
4. At the tip portion of the bearing tube 1 3 1 , a flange-like 
fixed-side seat ring 133 is formed. The end of the seat 
ring 133 is worked precisely so as to have a smooth sur- 
face perpendicular to the rotation axis of the driving 
shaft 1 30 and provides a sealing surface. A rotary-side 
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follow ring 134 is in dose contact with the sealing sur- 
face of the seat ring 1 33 so as to rotate freely, thereby 
maintaining the effect of sealing. The follow ring 134 has 
a disk shape and is provided integrally at the tip portion 
of the driving shaft 130 so as to be precisely perpendic- 
ular to the rotation axis of the driving shaft. 

Furthermore, at the base end portion and tip por- 
tion of the driving shaft 130, bearing sections 135 and 
136 are integrally formed, respectively These bearing 
sections 135, 136 are cylindrical and supported by the 
inner surface of the bearing tube 131 so as to rotate 
freely. The outer surface of these bearing sections 135. 
136 and the inner surface of the bearing tube 131 are 
worked precisely. These bearing sections 1 35, 1 36 and 
bearing tube 131 support the driving shaft 130 precisely 
so as to rotate freely. 

As shown in FIG. 4. spiral shallow dynamic-pres- 
sure grooves 140 are made in the outer surface of these 
bearing sections 135. 136. Tliese dynamic-pressure 
grooves 140, when the driving shaft 130 rotates, intro- 
duces the sealing liquid into the spacing between the 
outer surface of these bearing sections 135, 136 and 
the inner surface of the bearing tube 131, thereby 
assuring the lubrication between them, and allows the 
sealing liquid to flow toward the tip portion at a specific 
rate. Therefore, these bearing sections 135, 136 and 
bearing tube 131 constitute a one-way dynamic-pres- 
sure bearing that functions as both of a bearing for sup- 
porting the driving shaft 130 and a pump for feeding the 
sealing liquid. 

Furthermore, the driving shaft 130 is not restricted 
in the direction of the axis with respect to the bearing 
tube 131 . but can move freely in the axis direction. In the 
driving section 105. a ring-shaped permanent magnet 
146 is provided on the fixed-side of the housing of the 
driving section. A ring-shaped permanent magnet 146 
is also provided on the rotor 108 of the motor 106, that 
Is. on the driving shaft 1 30 side. These permanent mag- 
nets 145, 146 face each other with a specific distance 
between them. The polarity of these permanent mag- 
nets 145, 146 is set so that they may repel one another 
in the axis direction. The repulsion of these permanent 
magnets 1 45, 1 46 actuates the driving shaft 1 30 so that 
the shaft may move toward the base end, thus pressing 
the follow ring 134 on the driving shaft 130 against the 
seat ring 133. thereby maintaining the sealing effect of 
the mechanical sealing mechanism 132. 

The spacing between the bearing tube 131 and the 
driving shaft 130 is designed to be sealing liquid cham- 
bers 137. 138 through which the sealing liquid circu- 
lates. The sealing liquid chamber 138 is isolated from 
the outside, that is, the blood passageway in left ventri- 
cle of the heart by the mechanical sealing mechanism 
132. thereby maintaining the effect of sealing. 

In the outer portion of the tube section 120 of the 
pump section 1 04. a circulation passage 1 42 is made. 
The tip portion of the circulation passage 142 Is con- 
nected to the sealing liquid chanriber 1 38 and its base 
end portion Is connected to the sealing liquid outlet 111. 
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Therefore, the sealing liquid flows from the sealing liquid 
bag 1 12 through the circulation tube 1 14 and sealing liq- 
uid inlet 1 10 Into the air gap 109 of the motor 106. Then, 
by the pumping action of the one-way dynamic-pressure 

5 bearing composed of the bearing sections 1 35. 1 36 and 
bearing tube 131, the sealing liquid is sent through the 
sealing liquid chambers 137. 138 toward the back of the 
mechanical sealing mechanism 1 32 at a specific pres- 
sure. The sealing liquid fed to the sealing liquid cham- 

w ber 1 38 is returned to the sealing liquid bag 1 1 2 via the 
circulation passage 142. sealing liquid outlet 111. circu- 
lation tube 115. and filter 113. and circulates in this 
route. 

The function and advantage of the first embodiment 

15 described above are as follows. First, with the one-way 
dynamic-pressure bearings 135, 136 feed the sealing 
liquid to the sealing liquid chamber 138 at a specific 
pressure. The sealing liquid forms a thin film of 0.5 to 
1.0 fim in thickness between the seat ring 133 of the 

20 mechanical sealing mechanism 132 and the sealing 
surface of the follow ring 134. The thin film effects lubri- 
cation and sealing between the seat ring and the follow 
ring. This presents blood from entering the sealing liquid 
chamber 138, or the inside of the artificial heart. 

25 When the artificial heart is actually used, protein in 
the blood, a little though, may enter due to diffusion. The 
entered protein Is coagulated by hearing due to the slid- 
ing friction between the seat ring and follow ring that 
rotate relatively with respect to each other. Particles of 

30 the coagulated protein are discharged outward under 
the influence of the centrifugal force of the follow ring 
134 that Is rotating, and are washed away by the blood 
flowing outside the mechanical sealing mechanism. The 
particles of the coagulated protein are so small that they 

35 have no adverse effect on the human body even if dif- 
fusing in the blood. 

Although the coagulated protein may cohere at the 
inner peripheral edge portions of the seat ring 133 and 
follow ring 134, such protein particles will be washed 

40 away by the sealing liquid circulating inside the mechan- 
ical sealing mechanism 134. or inside the sealing liquid 
chamber 138. Those protein particles are captured by 
the filter 113 in the sealing liquid bag 112, so that the 
sealing liquid will never be contaminated. 

45 The first embodiment using the mechanical sealing 
mechanism as the sealing mechanism has the following 
advantages, as compared with the previous artificial 
heart using an oil seal as the sealing mechanism. 

Although an oil seal has a simple structure and 

50 keeps excellently close contact with the driving shaft, 
when protein In the blood diffuses between the oil seal 
and the peripheral surface of the driving shaft and coag- 
ulates there, the coagulated protein will not be dis- 
charged by centrifugal force as described above 

55 because the oil seal is in contact with the peripheral sur- 
face of the driving shaft. Furthermore, since the oil seal 
has a high flexibility, when the coagulated protein 
deposits between the peripheral surface of the driving 
shaft and the oil seal, the internal diameter of the oil 
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seal extends easily, increasing the spacing between the 
peripheral surface of the driving shaft and the oil seal. 
The increase in the spacing increases a flow rate of 
sealing liquid flowing outside through the spacing. The 
flow of the sealing liquid washes away the coagulated 
protein into the blood, resulting in an increase in the 
amount of sealing liquid flowing outside, or the con- 
sumption of sealing liquid. This makes it necessary to 
frequently supply sealing liquid to the sealing liquid bag, 
imposing a heavier burden on the patient. 

In contrast, with the mechanical sealing mecha- 
nism, centrifugal force discharges the coagulated pro- 
tein as noted earlier, so that the spacing between the 
seat ring and the follow ring can be kept narrow con- 
stantly. As a result, the flow of sealing liquid flowing out- 
side is smaller and consequently the frequency of 
supply of the sealing liquid is lower, easing the burden 
on the patient. 

Furthermore, the sealing liquid circulated as 
described above cools the mechanical sealing mecha- 
nism 132, effectively preventing part of the mechanism 
from being locally heated to high temperatures due to 
sliding friction. This prevents the blood cells from being 
destroyed as a result of the blood touching high-temper- 
ature portions. 

In addition, such a mechanical seal has a higher 
durability than the oil seal, because the seat ring and 
follow ring are made of ceramic material or metal mate- 
rial. 

In the above embodiment, the bearing tube 131 and 
driving shaft 130 constituting the mechanical sealing 
mechanism are formed of fine ceramic material, and the 
follow ring 134 is formed of carbon graphite material, 
they are precision ground. The above -described 
ceramic material is chemically stable and superior In 
dimensional stability. In the present embodiment, the 
bearing tube 131 and the seat ring 133 as well as the 
driving shaft 130 and the bearing sections 135, 136 are 
formed integrally, so that the dimensional accuracy of 
their assembly or the mechanical sealing mechanism is 
high. Consequently, the accuracy of the positional rela- 
tionship, such as the perpendicularity or concentricity of 
the seat ring 1 33 and follow ring 134 with respect to the 
rotation axis, is high, assuring a high reliability. Since 
the follow ring 134 is formed of carbon graphite, it 
matches the seat ring 133 well. Additionally, the carbon 
graphite has self- lubricating properties, the coefficient 
of friction is low. 

The materials for these members are not restricted 
to what have been described above, but may be suitable 
combinations of various types of ceramic, carbon graph- 
ite, composite material, metal material, and others. 

In the first embodiment, the follow ring 134 Is 
pressed against the seat ring 133 in the mechanical 
sealing mechanism 132 by magnetic repulsion of the 
permanent magnets 145, 146, resulting in a simpler 
configuration and a higher reliability. The urging pres- 
sure may come from the attraction between the perma- 
nent magnets. 
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FIGS. 5 and 6 show a second embodiment of the 
present Invention. The second embodiment is the same 
as the first embodiment except for part of the mechani- 
cal sealing mechanism and part of the circulation route 

5 of the sealing liquid. 

Specifically, in the present embodiment, a driving 
shaft 230 and bearing members 235. 236 are formed 
into separate members. The bearing member 235 on 
the base end side is supported by a bearing sleeve 240, 

70 and the bearing member 236 on the tip end side Is sup- 
ported by a short bearing tube 231. On the bearing 
member 235 on the base end side, a flange section 243 
Is formed, thereby constituting a thrust bearing. 

Between the outer surface of the bearing sleeve 

15 240 and the housing of the driving section 5, a passage- 
way 241 Is formed. A passageway 242 Is also formed 
between the Inner surface of the bearing section 236 on 
the tip end side and the driving shaft 230. The sealing 
liquid passes through these passageways and clrcu- 

20 lates through the sealing liquid chambers 137, 138. In 
the present embodiment, a sealing liquid circulating 
pump 250 is provided outside the body or inside the 
abdominal cavity of the patient, and the pump 250 circu- 
lates the sealing liquid. 

25 At the tip end portion of the bearing tube. 231, a 
flange-like seat ring 133 is formed integrally. The.follow 
ring 134 is in close contact with the sealing surface of 
the end of the seat ring 133. The follow ring 1-34 is a 
member separate from the driving shaft 230. The follow 

30 ring 1 34 is installed on the rotor boss 223 of the pump 
rotor. The rotor boss 223 is designed to move freely a 
specific distance in the axis direction with respect to the 
driving shaft 230. The follow ring 134 can move to some 
extent in the axis and the diameter direction with 

35 respect to the driving shaft 230. An O ring provides 
sealing between the follow ring 1 34 and the driving shaft 
230. 

The rotor boss 223 is hollow and houses a pair of 
disk-shaped permanent magnets 263, 264 in it. One 

40 permanent magnet 263 is mounted on the rotor boss 
223 and the other permanent magnet 264 is mounted 
on the driving shaft 230. The polarity of these perma- 
nent magnets 263, 264 Is set so that they may repel 
each other. The force of repulsion presses the follow 

45 ring 1 34 against the end of the seat ring 1 33. 

In the present embodiment, the driving shaft 230, 
rotor boss 223. and follow ring 134 can move from each 
other. A relative movement between them can absorb 
vibrations caused by their rotation. This enables the fol- 

50 low ring 1 34 to be pressed against the end of the seat 
ring 1 33 more stably, resulting in an increase In the reli- 
ability of the mechanical seating mechanism 132. 

In the emtxxliment. because the sealing liquid Is 
circulated by the sealing liquid circulating pump 250, the 

55 circulating flow rate and pressure of the sealing liquid 
can be regulated freely. 

FIG. 7 shows a third embodiment of the present 
invention. In the third embodiment, the follow ring 134 is 
pressed against the seat ring 1 33 by a compression coil 
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spring 270 in place of a pair of permanent magnets 263. 
264 in the second embodiment. The third embodiment 
has the same configuration as that of the second 
embodiment except for what has been described above. 
In FIG. 7, the parts corresponding to those in the sec- 
ond embodiment are indicated by the same reference 
symbols and explanation of them will not be given. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention 
in its broader aspects is not limited to the specific 
details, and representative devices shown and 
described herein. Accordingly, various modifications 
may be made without departing from the spirit or scope 
of the general inventive concept as defined by the 
appended claims and their equivalents. 

Moreover, FIG. 8 shows an artificial heart according 
to a fourth embodiment of the Invention. This artificial 
heart is equipped with a centrifugal pump, and located 
in a cavity outside the heart of a human body or outside 
the cavity. 

The artificial heart has an impeller 305 serving as 
the centrifugal pump, which Is to be driven by a motor 
106. Blood is introduced through an inlet nozzle 304 via 
a catheter, pressurized by the impeller 305, and sup- 
plied into the aorta, etc. via an output nozzle 304 and a 
catheter. 

In the artificial heart constructed as above, a clear- 
ance between a pump portion which houses the impel- 
ler 305 and a motor portion which houses the motor 1 06 
is sealed with a sealing mechanism 132 similar to the 
aforementioned one to prevent the flow of blood into the 
motor portion. Further, a seal liquid such as physiologic 
saline is circulated via a sealing liquid chamber 138 by 
means of a sealing liquid circulating mechanism similar 
to the aforementioned one. 

Although the sealing mechanism 132 employed in 
the fourth embodiment is similar to those employed in 
the first through third embodiments, the former has the 
following structural differences since the artificial heart 
of the fourth embodiment can be made larger than the 
above-described embedded-type artificial heart and 
hence can be designed more freely in size than the 
same: 

In the artificial heart of the fourth embodiment, the 
motor 106 and the impeller 305 are coupled to each 
other by means of a driving shaft 306 on which a cylin- 
drical shaft member 301 made of ceramics is fitted. 
Accordingly, the cylindrical shaft member 301 rotates 
together with the driving shaft 306. A driven ring 1 34 is 
formed integral with an end portion of the shaft member 
301 such that it tightly contacts a seat ring 133. which is 
formed on an end surface of a bearing tube 131, by 
means of the magnetic forces of permanent magnets 
145 and 146. An axial sealing liquid passage 302 is 
formed in a center portion of the driving shaft 306, for 
allowing the sealing liquid to be supplied into the sealing 
liquid chamber 1 38 therethrough. 

The sealing mechanism 132 employed in the artifi- 
cial heart of the fourth embodiment has the same func- 
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tion and advantage as the first through third 
embodiments. The artificial heart of the fourth embodi- 
ment, located outside the heart. Is less restricted by size 
than the embedded-type artificial heart, and needs less 

5 reliability than the same. However, it is a matter of 
course that the artificial heart of the fourth embodiment 
is also requested to have tow sealing liquid consumption 
and high reliability. The above-described sealing mech- 
anism sufficiently satisfies the requests. 

10 The other structural elements employed in the 
fourth embodiment are similar to those in the first 
through third embodiments. Therefore, they are 
denoted by corresponding reference numerals in FIG. 8. 
and their explanation is omitted. 

15 It is also a matter of course that the present inven- 
tion is not limited to the above-described artificial 
hearts, but can be applicable to artificial hearts of other 
types and to an artificial organ having a blood circulating 
portion, such as an artificial cardiopulmonary organ. 

20 

Claims 

1 . An artificial organ including a main body, said main 
body comprising: 

25 

(a) a punp section (104): 

(b) a driving section (105) having a driving shaft 
(130. 230) provided on said proximal end of 
said pump section for driving said pump via 

30 said driving shaft, said driving shaft having an 

outer peripheral surface; 

(c) a sealing mechanism (132) provided 
between said driving section (105) and said 
pump section (104), for maintaining said driv- 

35 ing shaft in a liquid tight state and preventing 

blood from entering said driving section (105); 

(d) a sealing liquid chamber (137) surrounding 
said driving shaft (130, 230) between said seal- 
ing mechanism (132) and said driving section, 

40 said sealing liquid chamber (137) being filled 

with a sealing liquid; and 

(e) pump means (135, 136. 140. 250) for feed- 
ing said sealing liquid from said sealing liquid 
chamber to said sealing mechanism; 

45 

characterized in that: 

said sealing mechanism (132) contains a 
mechanical sealing mechanism (132), said 

50 mechanical sealing mechanism containing a 

fixed-side seat ring (133) and a rotary-side fol- 
low ring (134) with the ends of said seat ring 
(133) and follow ring (134) in close contact with 
each other so as to rotate freely, and also con- 

55 tains a pressing mechanism (145. 146, 263. 

264, 270) for pressing said follow ring (134) 
against a seat ring (1 33) at a specific pressure. 

2. The artificial organ according to daim 1 . character- 
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ized in that said pump means comprises a 
dynamic-pressure seal bearing (135, 136, 140) at a 
distal end of said driving shaft (130, 230), said 
dynamic-pressure seal bearing functioning as 8. 
micropump for supplying the sealing liquid from 5 
said sealing liquid chamber (137) to said sealing 
mechanism (132) in small amounts. 



3. The artificial organ according to claim 1 , character- 
ized in that said pump means is a sealing liquid 
pump (250) provided separately from said pump 
section (104) and said driving section (105), said 
sealing liquid pump (250) being connected to said 
sealing liquid chamber (137) with a flexible tube. 

4. The artificial organ according to claim 1 , character- 
ized in that said pressing mechanism presses said 
follow ring (134) against said seat ring (133) by a 
magnetic force of repulsion or attraction between 
permanent magnets (145, 146, 263, 264). 

5. The artificial organ according to claim 1 , character- 
ized in that said mechanical sealing mechanism 

(132) contains a hollow bearing tube (131) and said 
driving shaft (130) supported in said bearing tube 
so as to rotate freely, said driving shaft being sup- 
ported by a bearing section (135, 136) within said 
bearing tube (131) so as to rotate freely concentri- 
cally with said bearing tube and be capable of mov- 

* ing in the axis direction, and that said seat ring 

(133) is formed integrally at the tip end portion of 
said bearing tube (131). said follow ring (134) is 
secured integrally to said driving shaft (130), and 
that said pressing mechanism (145. 146) actuates 
said driving shaft (130) in the axis direction to press 
said follow ring (134) against said seat ring (133). 

6. The artificial organ according to claim 5, character- 
ized in that said bearing tube (131) and seat ring 
(133) integrally formed at the tip end portion of that 
tube, and said driving shaft (130) and bearing (135, 
136) integrally formed on that shaft are formed of 
ceramic material, and said follow ring (134) is 
formed of carbon graphite material. 

7. The artrf icial organ according to claim 1 , character- 
ized in that said mechanical sealing mechanism 

(132) contains a hollow bearing tube (131) and said 
driving shaft (230) supported in said bearing tube 
so as to rotate freely, said driving shaft being sup- 
ported by a bearing section (135, 136, 236) within 
said bearing tube so as to rotate freely concentri- 
cally with said bearing tube, and that said seat ring 

(133) is formed integrally at the tip end portion of 
said bearing tube (131), said follow ring (134) is 
provided at the tip end portion of said driving shaft 
(230) so as to move freely in the axis direction, and 
that said pressing mechanism (263. 264. 270) actu- 
ates said follow ring (134) in the axis direction with 



respect to said driving shaft (230) to press said fol- 
low ring (134) against said seat ring (133). 

The artificial organ according to claim 7, character- 
ized in that said bearing tube (131) and seat ring 
(133) integrally formed at the tip end portion of that 
tube, and said driving shaft (230) and bearing inte- 
grally formed on that shaft are formed of ceramic 
material, and said follow ring (134) is formed of car- 
10 bon graphite material. 

9. The artificial organ according to claim 1 , character- 
ized by further comprises a sealing liquid bag (112) ^ , 
made of flexible material, filled with said sealing liq- 

15 uid and embedded in said human body, said seal- 
ing liquid chamber (137) being connected to said 
sealing liquid bag (112). 

1 0. The artificial organ according to claim 9, character- 
ized in that one end portion of a circulating pas- 
sageway (142) is connected in the vicinity of said 
mechanical sealing mechanism (132) in said seal- 
ing liquid chamber (137), and the other end portion 
of said circulating passageway (142) is connected 
to said sealing liquid bag (112), said sealing liquid 
being circulated through said sealing liquid cham- 
ber (137), circulating passageway (142), and seal- 
ing liquid bag (112), and the circulating sealing 
liquid cooling said mechanical sealing mechanism 
(132). 
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